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PREFACE 

Several f ac to rs  should be considered when planning revegeta- 
t i o n  a t  the  Coso Known Geothermal Resource Area: 

1. 	 Growth o f  desert  p l a n t s  i s  slow even under t he  most favor-
ab le  condi t ions,  and revege ta t ion  w i l l  a l so  be slow. 

2. 	 Weather i s  t h e  s i n g l e  most i n f l u e n t i a l  f ac to r ,  and i t s  
extreme v a r i a b i l i t y  confounds revegetat ion planning and 
b r i ngs  mixed resu l t s .  

3. 	 Wind and dryness a re  t h e  enemies of revegetat ion; both a re  
i n  quan t i t y  a t  Coso. 

4. 	 A r t i f i c i a l l y  augmented p l a n t  growth b r i ngs  on add i t i ona l  
r i s k :  watering and f e r t i l i z a t i o n  enhance l e a f  growth which 
can be suppported on ly  by continued regu la r  care f o r  an 
i n d e f i n i t e  per iod  of time. Also, both  watering and f e r t i l i -  
za t i on  increase p l a n t  p a l a t a b i l i t y  t o  herbivores. 

5. 	 The remoteness of t he  Coso s i t e  makes i n tens i ve  maintenance 
o f  a revegetat ion program d i f f . i c u l t ,  al though regu la r  review 
o f  progress i s  requ.ired. 

6. 	 The continued presence o-F ' t iurros and c a t t l e  reduces the  
1ik e l i  hood of. success o f  a revegetat ion program. 

These f a c t o r s  suggest t h a t  t he  most successful revege ta t ion  p lan  
i s  one which r e l i e s  p r i m a r i l y  on na tu ra l  processes and requ i res  
l i t t l e  i n te r ven t i on  once s i t e  preparat ion i s  complete. 

I n  order o f  p r i o r i t y ,  t he  two p r i n c i p a l  ob jec t i ves  o f  
pre-abandonment revegetat ion a t  COSO a re  erosion c o n t r o l  and the  
use o f  indigenous n a t i v e  p l a n t  species t o  he lp  compensate f o r  
l o s t  h a b i t a t  f o r  t he  threatened Mohave ground s q u i r r e l  (Spermo-
e h i l u s  mohavensis). These ob jec t i ves  can be accommodated 
concurrent ly ,  w i th  t he  greater  emphasis on eros ion con t ro l  i n  t h e  
i n i t i a l  stages. 

The revegetat ion program ou t l i ned  here c a l l s  f a r  c l e a r l y -
def ined object ives,  good s i t e  preparat ion,  use o f  n a t i v e  seed, 
1im it e d  f 011 owup care and p e r i  odi  c moni t o r i  ng . 



INTRODUCTION 

Geothermal  deve lopment  a t  t h e  Coso Known Geothermal  R e s o u r c e  
A r e a  (KGRA) by t h e  C h i n a  Lake J o i n t  V e n t u r e  (CLJV) i n v o l v e s  t h e  
commitment of  l a n d  f o r  r o a d s ,  p i p e l i n e s ,  w e l l p a d s ,  power p l a n t s  
and  t r a n s m i s s i o n  f a c i l i t i e s .  Most o f  t h e  l a n d  is commit ted  f a r  
t h e  l i f e  of t h e  p r o j e c t ,  b u t  a n  e s t i m a t e d  5 p e r c e n t  c o n s i s t s  of 
t e m p o r a r y  u s e  a r e a s  and c u t  and f i l l  s l o p e s .  T r e a t m e n t  o f  t h e s e  
l a n d s ,  p r e s e n t  and  f u t u r e ,  is. the s u b j e c t  o+ t h i s  p l a n .  A t  t h i s  
t i m e ,  o n e  power p l a n t  a n d  25 w e l l p a d s  h a v e  b e e n  c o n s t r u c t e d ;  a n  
a d d i t i o n a l  power p l a n t  s i t e  and  t w o  w e l l p a d s  a r e  p r e s e n t l y  u n d e r  
c o n s t r u c t i o n ;  a n d  t w o  a d d i t i o n a l  power p l a n t s  and a number o f  
w e l l p a d s  are p l a n n e d .  T h i s  p l a n  a d d r e s s e s  t h e  s p e c i f i c  t r e a t m e n t  
of  e a c h  e x i s t i n g  f a c i l i t y ,  and  sets f o r t h  p r o c e d u r e s  f o r  i n -  
p r o g r e s s  and  f u t u r e  work. 

CLJV is p r e s e n t l y  o p e r a t i n g  u n d e r  p e r m i t  c o n d i t i o n s  r e q u i r -  
i n g  r e v e g e t a t i o n  of u n v e g e t a t e d  c u t  and  f i l l  s l o p e s ,  s t o c k p i l i n g  
t o p s o i l ,  u s e  o f  i n d i g e n o u s  p l a n t  s p e c i e s  i n  r e v e g e t a t i o n ,  and 
w h a t e v e r  a d d i t i o n a l  m e a s u r e s  a r e  r e q u i r e d  by t h e  Ch ina  Lake Naval 
Weapons C e n t e r  (NWC) and  Bureau o f  Land Management (FLH) t o  
s a t i s f a c t o r i l y  c o n t r o l  e r o s i o n .  I n  a d d i t i o n ,  t h e  C a l i f o r n i a  
Depar tment  of  F i s h  a n d  G a m e  (CDFG) must  a p p r o v e  of  e l e m e n t s  08 
t h e  r r v e g e t a t i . o n  p l a n  which a f f e c t  w i l d l i f e  h a b i t a t .  T h i s  
r e v e g e t a t i o n  p l a n  p r i m a r i l y  a d d r e s s e s  t h e  u s e  of p l a n t  m a t e r i a l ,  

. a n d  i n c l u d e s  p r o c e d u r e s  f o r  ' g r a d i n g ' a n d  m a i n t e n a n c e  of  e x i s t i n g  
and f u t u r e  c u t  a n d  f i l l  s l o ' p e s  as k h e s e  p r a c t i c e s  r e l a t e  t o  
r e v e g e t a t i o n .  

L o s s  of  w i l d l i f e  h a b i t a t  is t h e  p r i n c i p a l  i m p a c t  t o  b i o l o g -
i c a l  r e s o u r c e s  f r o m  t h e  Coso deve lopment ,  and  of p a r t i c u l a r  
c o n c e r n  is t h e  loss  of  h a b i t a t  f o r  t h e  s t a t e - l i s t e d  t h r e a t e n e d  
Mohave g round  s q u i r r e l  ( S e e r m a ~ h i l u s  m o h a v e n s i s ) .  I n f o r m a t i o n  is 
p r e s e n t l y  b e i n g  d e v e l o p e d  on t h e  h a b i t a t  r e q u i r e m e n t s  of t h i s  
s p e c i e s  as p a r t  o+ o t h e r  m i t i g a t i o n  m e a s u r e s  on  CLJV p r o j e c t s .  
The u s e  o f  s u i t a b l e  p l a n t  m a t e r i a l s  i n  r e v e g e t a t i o n  c a n  h e l p  t o  
c o m p e n s a t e  f o r ,  and  i n  p a r t  r e p l a c e ,  l o s t  h a b i t a t  f o r  t h e  Mohave 
ground s q u i r r e l  . 

Abandonment is n o t  a d d r e s s s e d  i n  t h i s  p l a n ,  s i n c e  v i r t u a l  1  y  
n o  l a n d  is c o n s i d e r e d  by CLJV to b e  abandoned a t  t h i s  t i m e .  The 
s i t e - s p e c i f i c  e x p e r i e n c e  d e r i v e d  f rom r e v e g e t a t i o n  e f f o r t s  now 
w i l l  set  t h e  s t a g e  f o r  e f f e c t i v e  r e v e g e t a t i o n  when more e x t e n s i v e  
a r e a s  w i l l  b e  r e c l a i m e d  upon abandonment. 

OBJECTIVES 

T h i s  p l a n  is  d e s i g n e d  t o  m e e t  t w o  o b j e c t i v e s :  f i r s t  and 
f o r e m o s t ,  e r o s i o n  c o n t r o l ;  s e c o n d ,  t h e  e s t a b l i s h m e n t  of i n d i g e n -
o u s  v e g e t a t i o n  r e s e m b l i n g  t h a t  of  the n e a r b y  l a n d s c a p e ,  w i t h  a 
p r i o r i t y  on  t h e  u s e  of  p l a n t  mater ia ls  h a v i n g  h a b i t a t  v a l u e  f o r  
t h e  Mohave g round  s q u i r r e l .  



METHODS 

In format ion on previous work on revege ta t ion  i n  t he  Mohave 
Desert was r e v i  ewed. Published ma te r i a l  inc luded r e p o r t s  
prepared by t h e  Un i ve rs i t y  o f  C a l i f o r n i a  Cooperative Extension, 
t he  U.S. S o i l  Conservation Service (SCS), and the  C a l i f o r n i a  
Department o f  Transportat ion, as we l l  as proceedings from recen t  
revegetat ion symposia. Knowledgeable ind . i v i  duals were a1 so 
contacted by telephone t o  ob ta in  a d d i t i o n a l  informat ion.  Burgess 
L. (bud) Kay, an au tho r i t y  on Mohave Desert revegetat ion,  
conducted a p r e l i m i n a r y  s i t e v i s i t  i n  December, 1987. D r a f t s  of 
t h i s  p lan  were reviewed by C a l i f o r n i a  Energy Company (Cal 
Energy, t he  operator  f o r  CLJV), NWC, BLM, and CDFG. 

DESCRIPTION OF THE HEVEGETATION SITE 

The CLJV geothermal development i s  loca ted  a t  5000 t o  4500 
f e e t  e l eva t i on  i n  t he  Coso Range, China Lake Naval Weapons 
Center, Inyo County, Cal i fo rn ia .  Summers a re  ho t  and w in te rs  a re  
cold. Freezing temperatures, may be expected from a t  l e a s t  
November through March. Mean monthly temperatures range from 
about 40 degrees F (December) t o  about 85 degr,ees F (Ju ly-
August). The area i s  subject  t o  s t rong  winds throughout the  

.. .  .year. 

Annual p r e c i p i t a t i o n -  ranges from ' 3  t o  6.5 inches (Environ-
mental Moni tor ing and Services Center, 1980). Host p r e c i p i t a t i o n  
f a l l s  i n  the  winter .  Occasional summer thundershowers take  p lace  
i n  J u l y  and August; although sporadic, these storm events may 
have a s i g n i f i c a n t  in f luence  on revege ta t ion  e f f o r t s .  They 
prov ide important  moisture dur ing t he  c r i t i c a l  summer months, bu t  
t h e i r  i n t e n s i t y  a l so  presents p o t e n t i a l  f o r  eros ion caused by 
runo f f  . 

Although the  area has a complex geologic h i s t o r y ,  much of 
t h e  present and proposed development i s  on recent  vo lcan ic  
formations. Slopes are gen t le  t o  r a t h e r  steep (0 t o  30 percent  
slopes i n  most developed areas). The s o i l s  a re  formed over 
welded tuf f ,  o r  over sediments der ived from t u f f .  Maynard Lake 
coarse sands predominate: coarse-textured sands are found on 
sideslopes and f ine-textured mater ia l  i n  a1 l u v i a l  basins. COSO-
Rock Outcrop stony sandy loams are found on the  h igher  slopes and 
upper basins (WESCO 1980). 

The bo tan ica l  features present i nc lude  th ree  n a t u r a l  
communit ies: Mohave creosote bush scrub, Mohave mixed woody 
scrub; .and deser t  sa l  tbush scrub (Hol land  1986). No r a r e  and 
endangered p l a n t s  are  known t o  occur i n  t h e  area p resen t l y  being 
developed. The NWC resource s t a f f  have i d e n t i f i e d  t he  Joshua 
t r e e  (Yucca b r e v i f  01 i a) and the. ca t ton top  cactus (Ech inocac t~~s  
po l  ycephal us) as p l a n t  species of speci a1 management concern 
w i t h i n  t he  KGRA. Transplant ing o f  young, hea l thy  Joshua t r e e s  
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~ u r t h e reva luat ion w i l l  be c a r r i e d  ou t  t o  develop a base l ine  
on phys ica l  cond i t ions  a t  revegetat ion s i t es .  S o i l s  from 
representat ive s i t e s  w i l l  be c o l l e c t e d  and sent t o  SCS o r  a 
p r i v a t e  labora to ry  f o r  ana lys is  o f  s o i l  tex tu re ,  water-holding 
capab i l i t y ,  and a v a i l a b l e  n i t rogen, phosphorus, and potassium.. 

.These samples w i l l  be taken from . wellpads 54-7, 72-18, 51-17,, 
64-18 (Navy 2 pad R ) ,  and ELM 1 Pad A t o  document t y p i c a l  
condi t ions.  Most pads a re  constructed on s i t e s  w i t h i n  t h e  
Maynard Lake s o i l s  mapping u n i t  and a re  expected t o  be s i m i l a r  i n  
t h e i r  chemical and phys ica l  proper t ies .  More samples w i l l  be 
taken from add i t i ona l  s i t e s  i f  a wide v a r i a t i o n  i n  s o i l  condi-
t i o n s  i s  evident from t h i s  i n i t i a l  sampling. To assess poten- 
t i a l  low f e r t i l i t y  s o i l  condi t ions,  s o i l  samples w i l l  be taken 
from wellpads 75-7, 41-8, 73-19, 72-19 and 24-20. The angle and 
cond i t ion  of each c u t  and f i l l  s lope w i l l  be documented and 
incorporated i n t o  a s i t e - s p e c i f i c  data base t o  be maintained on 
each revegetated s i t e .  

Short-term eros ion con t ro l  and long-term eros ion con t ro l  and 
revegetat ion needs must be addressed f o r  a l l  unvegetated s i t es .  

. - . . 	The present degree o f  erosiorr 'hazard and na tu ra l  r#evegetat ion 
w i l l  d i c t a t e  t he  emphasis placed on each. . Slopes w i t h  l i t t l e  
erosion hazard and some na tu ra l  revegetat ion w i l l  r e q u i r e  t he  
l eas t  treatment; newly-graded slopes o r  e x i s t i n g  slopes w i t h  r i l l  
and g u l l y  erosion, a h i s t o r y  o f  f requent maintenance, o r  evidence 
o f  l o w - f e r t i l i t y  s o i l s  w i l l  r e q u i r e . t h e  most i n tens i ve  treatment. 

The standard approach here t o  short-term eros ion con t ro l  i s  
broadcasting bar ley  seed. Bar ley i s  quick t o  form a dense, 
shallow r o o t  system t o  ho ld  t he  s o i l ,  bu t  i s  non-pers ist ing i n  
the  desert  and thus does no t  compete w i t h  n a t i v e  species a f t e r  
the  f i r s t  year. I f  a h igh  erosion hazard ex i s t s ,  a dense seeding 
of bar ley  i s  app l ied t he  f i r s t  year. Long-term eros ion c o n t r o l  
and revegetat ion i s  n o t  attempted u n t i l  s lope s t a b i l i t y  i s  
impr oved . On e x i s t i n g  slopes no t  a l ready t r ea ted  f o r  
revegetat ion, bar ley  w i l l  be appl ied i n  t h e  f a l l  ( l a t e  October t o  
e a r l y  November) j u s t  before the onset o f  w in ter  ra ins .  Bar ley  
should. be appl ied t o  newly completed slopes w i t h i n  24 hours o f  
f i n a l  grading t o  a l low loose s o i l  t o  cover the  seed. No water ing 
i s  required. 

Long-term eros ion con t ro l  and revegetat ion i s  approached 
through the  use of indigenous p l a n t  mater ia ls.  Seeding w i t h  
perennial  shrubs i s  t he  main element, al though some n a t i v e  
perennial  grass seed w i l l  be inc luded as we l l  (see "Choice o f  
p l a n t  mate r ia ls "  below). S i t es  w i t h  some na tu ra l  revege ta t ion  
and/or low erosion hazard w i l l  be spot seeded, a hand a p p l i c a t i o n  
measure described by Chan a l .  (1977). I n  t h i s  treatment, a 
few seeds are placed i n t o  a hand-excavated shal low p i t ,  and 



covered by a  small amount o f  s o i l .  Spot seeding can be done i n  
m y  densi ty  specif ied; the recommended densi ty  here i s  on 6 f o o t  
centers. The procedure w i l l  be c a r r i e d  out i n  the  f a l l ,  
preferably  l a t e  October. No add i t iona l  watering i s  required. 
F i l l  slopes of  f u tu re  pads w i l l  rece ive  an app l ica t ion  of  
conserved sur f  ace so i  1.; an app l ica t ion  o f  4 t o ,6 -inches i s  
recommended. The ef fect iveness of  surface s o i l  alone i n  
encouraging growth of na t i ve  shrubs w i l l  be compared w i th  surface 
s o i l  spreading p lus  broadcast seeding (see "Testing o f  
Treatments", below). 

Dust con t ro l  i s  an ongoing a i r  q u a l i t y  issue i n  the  Caso 
area, and s p e c i f i c  measures t o  cont ro l  f u g i t i v e  dust have been 
taken i n t o  account when planning revegetat ion work. Watering 
dur ing grading i s  required f o r  dust cont ro l ;  i t  helps the s o i l  t o  
form a crust .  However, a  heavy app l ica t ion  of water may stimu- 
l a t e  germination and cause subsequent seedling mor ta l i t y .  As a  
resu l t ,  seeding should be timed t o  c lose ly  fo l low these dust 
con t ro l  measures t o  achieve the bene f i t  of some blown s o i l  t o  
cover seed, bu t  avoid excess1 ve moi sture. Seeding is recommended 
w i t h i n  24 hours fo l low ing  f i n a l  grading. 

A more de ta i l ed  discussion of  each type of  revegetation s i t e  
.. i s  presented below. . . . . .  . 

E~isfins,rut,-2lnees~ Erosion hazard on cut slopes i s  
general ly no t  a problem, so use of  broadcast seeded bar ley and 
na t i ve  seed is not  planned. Cut slopes w i l l  be spot seeded w i th  
a  na t i ve  shrub-grass mixture. The densi ty of  p lan t ing  w i l l  
depend on the  degree of  na tura l  revegetat ion already i n  place. 

Very l i t t l e  ac t i ve  maintenance i s  needed f o r  most cu t  
slopes. Natural  seedfa l l  from undisturbed slapes above i s  an 
exce l len t  source of  seed. Alluvium c o l l e c t i n g  on the wellpad 
from erosion o f  t he  cut  slope w i l l  bc allowed t o  assume i ts  
natura l  angle o f  repose and w i l l  not  be graded off.. 

E x i s t i n g  f i l l  s l o ~ e s .  t o------- ---------- F i l l  slopes are more susceptible 
erosion than the  more compacted - c u t  slopes, and they lack a 
nearby source of  na t i ve  seed. Consequently, f i l l  slopes requ i re  
more a t t e n t i o n  than cu t  slopes. The fo l low ing  pract ices w i l l  be 
appl ied t o  f i l l  slopes: 

- F i l l  slopes wi th  pronounced r i l l  and g u l l y  erosion (shown as 
a p l u s  (+) i n  the erosion column o f  the hppendix Itab les)  
w i th  a h i s t o r y  of maintenance w i l l  be seeded i n  the  fa1 1. 
The recommended app l ica t ion  r a t e  f o r  erosion contro l  i s  300 
lbs/ac o f  barley. Spot seeding w i th  a  na t i ve  seed m i x  w i l l  
be  done the  fo l lowing f a l l  or  when the slope shows signs of 
improved s t a b i l i t y .  S i tes  wi th  minor r i l l  and g u l l y  erosion 
w i l l  be discussed wi th  Cal Energy maintenance t o  ascer ta in  
the  an t ic ipa ted  maintenance schedule; these s i t e s  may b e  



--------- ------------------- 

seeded w i th  SO0 lbs/ac bar ley i n  t h e  f a l l  ( l a t e  October) or  
l e f t  u n t i l  regrading, when they w i l l  be t rea ted  as f o r  a 
newl y-graded s i t e .  

- F i l l  slopes wi th  low erosion hazard (shown as a minus (- )  i n  
Appendix Iunder "erosion") but having no na tura l  revegeta- 
t i o n  (shown' as a minus (-) i n  Appendix Iunder "natural  
revegetat ion" w i  11 be broadcast seeded i n  the f a l l  ( l a t e  
October) wi'th 100 lb /ac  bar ley and spot seeded w i th  a na t i ve  
.seed m i x .  

- Slopes wi th  low erosion and good na tu ra l  revegetat ion (shown 
as a p lus  (+) i n  Appendix Iunder "Natural Revegetation") 
w i l l  rece ive no bar ley seeding bu t  w i l l  be spot-seeded i n  
l a t e  October wi th  a na t ive  seed m i x .  

Standard erocedures f o r  newly ~ r a d e ds i tes .  The p r i n c i p a l  
short-term erosion cont ro l  measure, as w i th  o lder  graded s i t es ,  
i s  the use of direct-seeded barley. For long-term erosion 
cont ro l  and revegetation, use of conserved sur f  ace s o i l  i s  the  
most important element. Cut and f i l l  slopes constructed i n  
connection w i th  wellpds, roads, power p l a n t '  s i t e s ,  or any other 
re la ted  f a c i l i t i e s  w i l l  be t reated according t o  the fo l low ing  
methods. 

Before grading begins on a new s i t e ,  the app l ica t ion  s i t e ,  
f o r "  conserved ' surface soi  1 w i  11 ,be i d e n t i f i e d  and &I p lan 
developed f o r  i t s  use. Newly graded s i t e s  w i l l  have the  surface 
s o i l  (no l ess  than 2 inches and no more than 4 inches) co l l ec ted  
f o r  app l i ca t ion  on f inal-graded f ill slopes. For a standard 
s i ze  6 acre wellpad ( inc lud ing cut  and f i l l  slopes), conserved 
s o i l  removed t o  the minimum depth of  2 inches w i l l  amount t o  
1,613 cubic yards of  volume. I f  an average depth of 3 inches i s  
taken, about 2,400 cubic yards w i l l  result . ,  

Conserved surface s o i l  qu ick ly  de ter io ra tes  when stockpi led,  
and the bene f i t  t o  revegetation l i kew ise  diminishes. Co l l ec t i ng  
and applying conserved surface s o i l  i n  t h e  same operation i s  the 
l e a s t  expensive method, since the s o i l  must be loaded and 
unloaded on ly  once. To assure v i a b i l i t y  of surface s o i l  
organisms, app l i ca t ion  t o  a completed f i l l  slope must take place 
w i th in  24 hours of  i n i t i a l  grading dur ing the season (November-
A p r i l  and w i t h i n  one week of  any summer p r e c i p i t a t i o n  exceeding 
0.25 inches). When s o i l s  are dry, they must be appl ied w i t h i n  5 
days o f  co l lec t ion .  

Conserved surf ace so i  1 w i  11 be appl ied t o  newl y completed 
f i l l  slopes t o  a depth of 4 t o  6 inches, and smoothed and 
compacted according t o  ex is t ing  requirements f o r  engineering and 
dust cont ro l .  Maximum surface roughness w i l l - b e  sustained. 

Standard m i t i ga t i on  measures f o r  t h e  preservat ion o f  Joshua 



t r ees  w i l l  a l so  be observed, i nc lud ing  avoiding surface d i s t u r -  
bance w i t h i n  50 f t  o f  a Joshua t r e e  whenever possible,  and 
t ransp lan t ing  Joshua t rees  when necessary t o  avoid t h e i r  loss. 

New cu t  slopes w i l l  'be t r ea ted  as  fol lows: 

1) 	Whets the  maximum cu t  i s  20 f t  o r  less  of depth, t h e  angle 
of  c u t  w i l l  be 2:l. Where the  maximum cu t  exceeds 20 f t  due 
t o  s lop ing te r ra in ,  the angle o f  c u t  w i l l  range between 2:l  
and 1:l as needed. 

2) For each 10 f t  of  depth, a contour trench a t  l e a s t  6 inches 
i n  width w i l l  be.constructed i n  t h e  cu t  slope. 

3) Maintain maximum surface roughness during f i n a l  grading. . 

New f i l l  slopes w i l l  be t rea ted  as fol lows: 

1) Slopes w i l l  be graded as c lose  t o  a 3s 1 slope as possible. 
2) During f i n a l  grading, conserved surface s o i l  w i l l  be appl ied 

t o  the  slope. The recommended r a t e  i s  4 t o  6 inches. 
3) Maintain maximum surface roughness w i th  t r a c t o r  cleats. 
4)  Opply broadcast-seeded bar ley  a t  100 lb /acre as soon as 

possible, p re fe rab ly  w i t h i n  24 hours of  f i n a l  grading and 
watering, and a l low s o i l  t o  cover. 

5 )  	I f  .su r f  ace so i  1 i s  not  avai lab le ,  broadcast seed a t  20 1 b/ac 
w i th  n a t i v e  seed mix ' immediately fo l lowing grading o r  i n  
l a t e  October. 

haydown areas. Laydown areas are  considered t o  be areas o f  
disturbance and must be permi t ted by the same procedure as 
wellpads. I t  should be noted t h a t  no laydown areas present ly  
ex i s t ,  s ince wellpads have been used f o r  t h i s  purpose. Laydown 
areas are areas bladed t o  remove vegetation but t he  surface 
topography has ' not  been a1 tered. They general1 y have been 
compacted from the ac t ion  of  heavy equipment, and t h i s  compaction 
must be re l i eved  t o  achieve good revegetation. Seeding w i t h  
bar ley  i s  no t  expected t o  be required, since laydown areas are 
genera l ly  l e v e l  and do not  present an erosion hazard. Treatment 
o f  laydown areas which are not  expected t o  be re-used i s  as 
f 01lows: 

1) 	 I f  creosote bush was present, harrow l i g h t l y  t o  r e l i e v e  
compaction without damage t o  r o o t  crowns. 

2) I f  no creosote bush, r i p  t o  a depth of 18 inches. 
3) Spread surface s o i l  t o  a depth of 4 t o  6 inches, i f  

avai 1able. 
4 )  I f  surface soil is not ava i l ab le  f o r  appl icat ion,  broadcast 

seed a n a t i v e  seed m i x  a t  20 lb /ac i n  l a t e  October. 

T ransmi~s ion  l ines .  CLJV constructed the 28.5 m i l e  115 k / v  
Dcvi1's K i tchen-Inyokern transmission 1i n e  i n  ' the summer of  1986. 
S i t e  inspect ions of t he  const ruct ion area i n  1987 and 1988 show 
t h a t  na tura l  revegetat ion has occurred a t  a f a s t  enough r a t e  t o  



s t a b i l i z e  s o i l s  and prevent erosion: no f u r t h e r  act ions are 
proposed. ~ e wtransmission l ines ,  inc lud ing  the  220 k V  l i n e  and 
taps from power p lan ts  t o  the l i n e ,  w i l l  be t rea ted  as fo l lows: 

1) 	Vegetation w i l l  be crushed instead of  bladed a t  t he  
s t ruc tu re  s i t e s  and along spur access roads whenever 
topography allows. Crbshing instcad of  b lad ing preserves 
so i  1s and seed sources .on-si te. 

2) 	I n  areas of  greater topographic r e l i e f  where cu t  and f i l l  
slopes are required, such slopes w i l l  be t rea ted  as 
described above, under "Standard procedures f o r  newly graded 
s i tes;  cu t  and f i11 slopes". 

ChnLce-,sf--eLan$--_mate~i_aLs- Desert saltbush ( A t r i ~ l e x  
p g l v c a r ~ a ) ,  fourwing saltbush (A, canescens), and buckwheat 
(Erioqonum fasciculatum) have produced good r e s u l t s  i n  seeding 
t r i a l s  ca r r i ed  out by the  C a l i f o r n i a  Department o f  Transportat ion 
near the Coso area (Clary and Slayback 1984). L imi ted t o  poor 
success was obtained from cheesebush (Hymenoclea sa lso l  a) , 
Mormon-tea (Ephedra nevadensis), creosote bush ( L a m a  t r iden-  
t a t a ) ,  and Indian r icegrass (Oryzopsis hymenoides). No inforrna- 
t i o n  on seeding t r i a l s  using spiny hopsage (Grayia spinosa) was 
avai lable,  although i t  i s  a s i g n i f i c a n t  component o f  the  desert 
scrub community i n  the  Coso area. 

. -	 . - ,  . 

. . On t%e basis o f  these t r i a l s ,  the  three mo?t successful 
species (which a lso are  important components o f  the  shrub layer  
i n  the Cosa KGRA) w i l l  comprise 70 percent of the  seed m i x .  The 
remaining 30 percent w i  11 be composed of  species which a lso  are  
important s t ruc tu ra l  components of the na tura l  communities 
present. Although these species may not  es tab l i sh  themselves i n  
high numbers, i t  i s  ant ic ipated t h a t  a t  l eas t  some of  them w i l l  
become establ  ished. 

The na t i ve  seed m i x  i s  as fo l lows (percentages are by 
weight) : 

At r i p lex  po l  ycarpa 
A t r i p l  ex canescens 
Eriogonum f asci cu l  atum 
Hymenoclea sa lso l  a 
Oryzopsis hymenoides . 
Ephedra nevadensis 
Grayia spinosa 
St ipa  speciosa 
Euro t ia  lanata 

30% 

30% 
10% 
10% 
5% 
5% 
5% 
3% 
2% 

This m i x  w i l l  be used assuming commercial a v a i l a b i l i t y .  The 
recommended seeding r a t e  i s  based on percent l i v e  seed. Seed 
w i l l  be custom co l lec ted  from the  v i c i n i t y  o f  the Coso area 
(w i th in  25 miles, if possible, and from an e leva t ion  range of  
3000 t o  4500 f t  elevat ion) .  . I f  seed production i s  poor f o r  



c e r t a i n  species which are commercial1y avai lab le,  a p o r t i o n  of 
t h e  seed mix may be obtained from e x i s t i n g  stock, provided i t  
o r ig ina ted  from the  Mohave Desert. 

I n i t i a l l y ,  t h i s  choice o f  seed mix i s  based on successful 
t e s t s  nearby i n  the  Mohave Desert. It w i l l  be modif ied as the  
r e s u l t s  of seeding t e s t s  become ava i l ab le  f o r  the  Coso s i t e ,  and 
as more information - i s  co l l ec ted  on the  h a b i t a t  requirements of. . 
t h e  Mohave ground'squi r re l  as p a r t  o f  t he  Coso Grazing Exclosure 
m i t i g a t i o n  program. 

Annual fo rb  (broadleaf)  seed i s  not  recommended f o r  t h e' 

i n i t i a l  stages of  t h i s  revegetat ion program, although i t  might be 
considered a t  a l a t e r  time. The reasons are: fo rbs  used i n  
i n i t i a l  seeding may present more compet i t ion f o r  shrub seedlings; 
and the  presence of f o rbs  may a t t r a c t  herbivores before t h e  shrub 
seedlings are able t o  t o l e r a t e  browsing. Forb seeding w i l l  be 
reconsidered when the  shrub laye r  i s  wel l  established. Cal 
Energy w i l l  seed w i t h  f o rbs  as d i rec ted  by the  agencies 
responsible f o r  the  Cosu Mohave ground s q u i r r e l  m i t i ga t i on  plan, 
s ince t h i s  act ion would be undertaken p r i n c i p a l l y  as a h a b i t a t  
enhancement ac t ion  f o r  t h i s  threatened species. 

Post-treatment maintenance. This revegetatio'n p lan  i s  
designed t o  ' require a minimum of post-treatment care. The p l a n t  

.. 	 species selected f o r  use are adapted t o  p reva i l i ng  condit ions. 
I r r i g a t i o n  i s  not planned because p i  ants' watered dur ing t h e i r  
e a r l y  establishment 'develop a r o o t  and l e a f  s t ruc tu re  dependent 
on continued water. Kay and Graves (1983) found no bene f i t  from 
i r r i g a t i o n  when s u i t a b l e  species are planted i n  the  f a l l  o r  e a r l y  
winter  and normal amounts of r a i  n f  a1 1 f 01.1owed. 

Re-treatment. I n  the  event t h a t  r a i n f a l l  i s  extreme1 y 
unfavorable, retreatment s i m i l a r  t o  i n i t i a l  treatment w i l l  be 
required, inc lud ing  broadcast seeding and/or spot seeding. 
Retreatment w i l l  a l so  be requi red a f t e r  maintenance grading; 
annual inspections by Cal Energy and NWC (and FLM as appropr iate) 
w i l l  determine the  a d v i s a b i l i t y  o f  regrading slopes, tak ing  
revegetat ion e f f o r t s  i n t o  account. 

GrbfsrLn-,fnc,,sucs~s~- A s  an i n i t i a l  standard, shrub 
dens i t i es  on s i t e s  t rea ted  f o r  revegetat ion should a f t e r  5 years 
support a densi ty o+ shrubs equal t o  about 60 percent of t he  
densi ty  found a t  'the benchmark monitor ing s i t e s  (see monitor ing 
sect ion) .  Shrub s i r e  w i l l  obviously be l e s s  on revegetat ion 
s i tes .  I f  the densi ty  standard is not met, spot.  seeding or  o ther  
measures w i l l  be repeated t o  achieve the  desired shrub density. 

The most important treatments t o  be tested a t  t h i s  stage are  
as fo l lows: 1) mulching w i th  straw; 2) use of  herbivore protec- 
tors;  3) use of  f e r t i l i z e r ;  and 4 )  broadcast seeding w i t h  a 



na t i ve  seed m i x  on newly completed slopes. Appendix I shows the 
experimental design of treatments. Two rep l i ca tes ,  as s i m i l a r  as 
possible, were selected f o r  each treatment, w i th  the  exception of  
straw mulch and broadcast seeding. These treatments must be 
appl ied t o  newly-completed slopes and r e p l i c a t e s  w i l l  be designa- 
ted  as they become avai lable. 

It should be noted tha t  t he  monitor ing program w i l l  a l so  
provide an opportuni ty f o r  comparison o f  treatments, such as the 
success of  the seeding m i x  on d i f+e ren t  slopes and exposures, the 
success of  surface s o i l  spreading against  d i r e c t  seeding, and a 
comparison of revegetat ion r a t e s  on d i f f e r e n t  s o i l  types, slopes 
and exposures. This type o f  informat ion,  whi le no t  t e s t i n g  i n  
the  experimental sense, w i l l  p rov ide valuable in format ion f o r  
f u t u r e  planning i n  revegetation. 

Much construct ion a c t i v i t y  has been i n i t i a t e d  i n  the 
calendar year 1988, and a l a rge  number o f  prev ious ly  untreated 
slopes .must be addressed. Implementation i n  1988 w i l l  include: 

- Evaluate s o i l s  fur ther;  - Co l lec t  l oca l  seed; 
- Engage contractor(s)  t o  appl'y s tockp i led  surface s o i l ,  carry  

out broadcast. 'seeding, spot  seed; and i .nstal1 rodent 
protectors, straw mulch, and f e r t i l  i zc r :  - I d e n t i f y  a monitor f o r  revegetat ion evaluation; and 

- Establ ish an informat ion data base on each revegetat ion 
s i t e .  

~ r i f e ~ i s , , f ~ r - - ~ v 2 ~ ~ ~ t i ~ n -The monitoring phase of  the 
revegetat ion program w i l l  inc lude a comparison of  revegetat ion 
s i t e s  against undisturbed s i t e s  f o r  which vegetation charac ter i  s- 
t i c s  are wel l  kncwn. The "benchmark" reference s i t e s  may cons is t  
o f  adjacent undisturbed vegetation, o r  of nearby s i t e s  which 
resemble the s o i l ,  slope, and exposure of the revegetat ion s i t e .  
However, the  cha rac te r i s t i cs  of  s i t e s  known t o  support h igh 
dens i t ies  of Mohave ground q u j r r e l s  may a lso  be used as 
reference s i t e s  against which revegetat ion success is.measured. 
Ult imate1 y, success o+ the revegetat ion program i s  achieved when 
the  species composition, frequency, densi ty,  cover and biomass 
approximates tha t  o f  the benchmark reference s i t e .  An i n t e r i m  
measure of success i s  t o  achieve w i t h i n  5 years a shrub densi ty  
which i s  60 percent o f  the benchmark s i t e .  

Methods. Reference s i t e s  be selected on the bas is  of ------- w i l l  
t he  pre-exist ing vegetation and desired cha rac te r i s t i cs  f o r  
Mohave ground s q u i r r e l  habi tat .  One reference s i t e  may serve f o r  
several revegetation s i tes,  i f  t h e .  s i t e  cha rac te r i s t i cs  are 



r e a s o n a b l y  s i m i l a r .  The e x a c t  s i z e  and l o c a t i o n  of t h e  r e f e r e n c e  
s i t e  w i l l  b e  chosen  i n  t h e  f i e l d ,  b u t  w i l l  a pp rox ima te  t h e  s i r e  
of  a we l l pad  f i l l  s l o p e .  The s p e c i e s  compos i t i on ,  f r e q u e n c y ,  
d e n s i t y  and c o v e r  of benchmark r e f e r e n c e  s i tes  w i l l  b e  measured.  
The s p e c i e s ,  s i z e  and 1o c a t i  on of t h e  s h r u b  1d y e r - w i 11 b e  mapped 
on 10 by  1 0  m e t e r  s q u a r e s .  F i v e  t o  10  such  q u a d r a t s  w i l l  b e  used  -
f o r  a r e f e r e n c e  s i t e ,  depending  on t h e  v a r i a b i l i t y  of t h e  site. 
S t a n d i n g  c r o p ,  s p e c i e s  c o m p o s i t i o n ,  and e s t i m a t e d  c o v e r  w i l l  b e  
measured f o r  t h e  h e r b ' l a y e r  u s i n g  50 squa re - foo t  p l o t s .  

Mon i to r i ng  a t  t h e  r e v e g e t a t i o n  sites w i l l  b e  c h a r a c t e r i z e d  
i n  a s i m i l a r  manner. However, ,care must b e  t a k e n  i n  t h e  i n i t i a l  
y e a r s  n o t  t o  a l l o w  e x c e s s i v e  f o o t  t r a f f i c  on t h e  c u t  and f  i l l  
s l o p e s .  T read ing  b r e a k s  t h e  c r u s t  formed on t h e  sa i l  s u r f a c e ,  
e n c o u r a g i n g  wind and w a t e r  e r o s i o n .  A t  f i r s t ,  o n l y  t h e  s h r u b  
l a y e r  w i l l  be c h a r a c t e r i z e d  u s i n g  10  by 10  m e t e r  areas. ' T h i s  c an  
b e  done  by  o b s e r v e r s  s t a n d i n g  on  t h e  upper  and l o w e r  e d g e s  of 
m o s t  f i l l  s l o p e s .  Herbaceous  v e g e t a t i o n  w i l l  b e  n o t e d  as t o  
s p e c i e s  compos i t i on  f o r  e a c h  site, b u t  i n t e n s i v e  measurement is 
n o t  recommended i n i t i a l l y  b e c a u s e  o f  t h e  e r o s i o n  hazard .  

Mon i to r i ng  w i l l  b e  c a r r i e d  o u t  a n n u a l l y  a t  t h e  r e v e g e t a t i o n  
sites. A f t e r  t h e  i n i t i a l  s u r v e y ,  t h e  r e f e r e n c e  sites w i l l  b e  re-
su rveyed  e v e r y  f i v e  u n t i l  p r o j e c t  abandonment. P r o d u c t i v i t y  
w i l l  b e  e s t i m a t e d  f rom l i m i t e d  , p l a n t  c l i p p i n g ,  as f e a s i b l e  
w i t h o u t  a d v e r s e 1  y af.f e c t i n g  t h e  p r o g r e s s  of t h e  r e v e g e t a t i  on 
p roce s s .  

E ~ f a k L ~ s h i n s , s - d s f s - k ~ , s e e f = r r r ~ v ~ g ~ t _ a t ~ o .t w oOver 
dozen g r aded  s i tes,  s e v e r a l  s o i l  t y p e s  and e x p o s u r e s ,  and a 
number of expe r imen t a l  t r e a t m e n t s  w i  11  qu ick1  y  become unwie ldy  t o  
t r a c k  w i t h o u t  a s y s t e m a t i c  means of r e c o r d i n g  and u p d a t i n g  
i n f o r m a t i o n .  A d a t a  b a s e  w i l l  b e  e s t a b l i s h e d ,  w i t h  t h e  f o l l o w i n g  
elements: '  

1 )  A s i te  map showing each  g r aded  s i t e  a t  1:200, and a m a s t e r  
r i te  map showing each  we l l pad ,  by s e c t i o n ;  

2 )  O b l i q u e  pho tog raphs  of e ach  pad,  t aken  e v e r y  t w o  y e a r s ;  
3) A r e c o r d  of t h e  " a s - b u i l t "  a r e a s  of d i s t u r b a n c e  f o r  e a c h  

pad;  
4 )  I n f o r m a t i o n  on s l o p e ,  r i l l  and g u l l y  e r o s i o n ,  and t h e  

p h y s i c a l  and chemica l  compos i t i on  of t h e  s o i l s ,  a s  t ha  s 
i n f o r m a t i o n  is a v a i  1  a b l e ;  

5 )  Reco rds  of t h e  d a t e  of pad c e n s t r u c t i o n ,  d a t e s  of any  pad 
ma in t enance  as i t  relates t o  r e v e g e t a t i o n  e f f o r t s ;  and 

6 )  A r e c o r d  of t h e  d a t e  and t y p e  of r e v e g e t a t i o n  t r e a t m e n t s .  

The m o s t  i m p o r t a n t  a s p e c t  of mon i to r i ng  is t h e  f e e d b a c k  l o o p  
i t  p r o v i d e s  f o r  f u t u r e  p l ann ing .  The r e l a t i v e  s u c c e s s  of v a r i o u s  
methods c a n  b e  used  t o  a c h i e v e  optimum r e v e g e t a t i o n  s t r a t e g i e s  
f o r  t h e  f u t u r e .  A s  a r e s u l t ,  t h e  mon i to r i ng  r e s u l t s  w i l l  be 
w r i t t e n  up a n n u a l l y  and a t t a c h e d  t o  t h e  annual  r e v e g e t a t i o n  p l a n .  



An evaluation of revegetation actions and monitoring results 
will be conducted annually. Cal Energy will submit an updated 
revegetation plan for NWC, PLM and CDFG approval. The most 
useful time for a review would b e  in late summer or early fall, 
when seedling germination and establishment for the year is 
known, and prior to treatments required during late October.  
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PPPENDIX I. SPECIFIC REVEGETATION ACTIONS FOR UNVEGETATED SITES 

Table I-A. ?lavy 1 operating area ercsion control and revegetation measures. 

Site Conditions8 Short- Long-term Test Measures 

term 

erosion 

control
al 

U 
IQ EarleyILI 
k seeding 


Facilitv -v, 
1 

j lhs/ac 1
' 

t:wy 1 power Cut 
plat Fill LW + - + 


Fill disposal Fill N + -

'Lkllpd 78-6 Cut N - - Control for 


Fill N - - 61-7,63-7 
Gkllpad 52-7 Cut SE - - Control for 

Fill SE - - 54-7 
G&llpd 54-7 Cut N - - X 

Fill N + - - X '  
Wellpad 61-7 Cut . N - -

Fill N - -
-r&31pad 63-7 Cut N - -
. . Fill N. - - X 

Wellpad 71-7 Cut N - + Control, 
Fill N - + no treatment 

Wellpd 73-7 Cut N - -
Fill N - -

Wellpad 75-7, Cut Sii - - Compre with 
76-7, 77-7, Flll Sd + + - 41-8,poor soil 
87-7, 15-8 
I3elllpad 18-7 Cut S - -

Fill S - -
Wellpad 11-8, Cut N . - + 
and 31-8 Fill N - + 
Wellpd 41-8 Cut N - -

Fill N + - -
Wellpad 47-8 Cut S - -

Flll S - -
New tevelop- Cut 


ments Fill Test x 


*Present site conditions: 

w e : N=north; S=south; E=east; Wwest: 

Test soils: "+" indicates physical a d  chemical testing to be done; 

Erosion: "-" indicates erosion hzzard not significant: "+" indicates 


maintenance may be required; 
Natural revegetation: "+" indicates natural revegetation is evident; 

la-" indicates little or no natural revegetation. 




Table I-B. Navy 2 wellfield and p e r  plant erosion control ard revegeta-
tlon measures. 

Site Condltlorŝ  Short- Long-te m  Test Measures 

ten 
 I
ercslon 


aJ
control 


-ley 

' seeding 
jlts/ac 1 

Wellpad 31-11 Cut NE - - 

Fill NE - - loo 


Wellpad 63-18 Cut s - ,-

Fill S - - 100 X 


Wellpad 0 Cut S - - Control, 

Flll S - - 100 pads P, 63-18 


Wellpad P Cut S + - -

Flll S - - 100 


Wellpd U Cut S - - 

(inprcgress) Fill.S - - 

Wellpad R Cut N + . . 


' (In. prcqess ) Fill N 100 
Wellpad Y Cut S 
(inpregress) Fill S 100 
Future devel- Cut 
opnents Fill 


*Present site cditiorrj: 
Ekpsue: Nworth; S=south; E-ast; -st; 
Test soils: "+" lndlcates physlcal and chemlcal testing to be done; 
Erosion: "-" indicates erosion hazard not sig~ificurt;"+" indicates 

maintenance may be required; 
Natural revegetatlon: "+" indicates natural revegetation is evident: 

indicates little or no natural rwegetation. 



Tsble I-C. BLY 1 wellfield and power plant erosicn control and revegetation 

meme5 . 

Site Conditions* Short-

tern. 


a 

control 


Facilit.1 


Wellpad A Cut x Compe with 

Fill X 33-19, 73-19 


X :< 

Wellpad 33-19 Cut X 


(=C) Fill 

Wellpd 72-19 Cut X 


in 1989
(=D Fill 

Wellpd 73-19 Cut X 


(=El Fill X 


Well@ 46-19 Cut , X 


(=F) Fill X 


Wellpad 24-20 Cut ' X  ' 

in 1989 .
(=GI Fill 


Wellpzd P cut X 


(in progress) Fill . X 


Wellpd Q ~ u t  

(in prwess ) Fill x as feasible 

,Nture devel- Cut X 


opments Fill x .Test 

*Present site conditicns: 
w  e  :  N=north: S=south: E-ast: W=uest; 
Test soils: "+" indicates physical and chemical testing to be done: 
Ercsion: "-" ipdicates erosion hazard r.ot significant ; "+" indicates 

maintenance may be required; 

Natural revegetat ion: "+" indicates natural revegetation is evident; 


14-11 
 indicates little or no natural revegetation. 




APPENDIX 11. DISCUSSION O F  REVEGETATION PRACTICES 

SITE PREPARATION 

Within a given s o i l  type, s lope i s  a determining fac to r  f o r  
t h e  r a t e  of  s o i l  erosion. Although runoff-caused erosion can 
occur on slopes as gent le  as 20 percent (S:1) (Kay and Graves 
1983a) , so i 1 erosion accelerates w i t h  increasing s l  ape. Under 
experimental r a i n f a l l  condit ions, Kay (1984) found t h a t  gravel1 y 
sandy loam l o s t  f i v e  times more s o i l  from 2:l slopes than from 
5: 1 slopes. 

The loose so i  1s and unconsolidated parent materi a1 a t  t h e  
Coso s i t e  r a p i d l y  assume t h e i r  angle o f  repose, probably about 30 
percent, as can be seen from a l luv ium c o l l e c t i n g  a t  t he  bases o f  
c u t  slopes. The loose mater ia l  i s  an .ideal s i t e  f o r  p l a n t  
establishment. Revegetation w i  11 take place more. rapid1 y on 1 ess 
steep slopes. R i l l  erosion i s  a l so  l e s s  severe. The recommenda- 
t i o n  f o r  f u t u r e  grading i s  t o  grade both cu t  and f i11 slopes a t  
2:l or, preferably,  3 : l  slopes whenever feasible.  Determination 
o+ acceptable slopes w i l l  be ,made-o n  a case-by-case basis. 

Cross-drains o r  contour trenches on f i l l  and c u t  slopes 
reduce sheet erosion hazards and provide more favorable s i t e s  f o r  
p lan t  establishment whi le  present ing l i t t l e  ex t ra  graded sur-
face. They reduce the  f low and fo rce  of water moving downslope, 
and increase i n f i l t r a t i o n  (Kay and Graves 1903b). They a r e  
espec ia l l y  usefu l  i n  a r i d  lands, and are recommended a t  t h i s  site 
when feasible. 

Surfare,,rsushee~s,--snd,~~th~r~,,finaL--~~sdi~~--e~~~Li~~s-

Burgess L. Kay, an au tho r i t y  on revegetat ion i n  the  Mohave 
Desert, bel ieves tha t  encouraging natura l  revegetat ion i s  the  
most economical and e f f e c t i v e  approach i n  a r i d  lands (Kay, pers 
comm., October, 1987). Wind is a natura l  seed d ispersa l  agent, 
and a rough sur f  ace captures wi.nd-blown seed. E l im ina t ing  the  
f i n a l  smoothing o+ graded surfaces encourages seed capture. For 
slopes already smoothed, " t rackwalking" w i l l  enhance the  e f f e c t s  . 

o f  natura l  seedfa l l  (CARCD 1986). Compacted surfaces no longer 
i n  use should be r ipped t o  a depth of 18 inches t o  r e l i e v e  
compaction. 

Conservinu surf ace soi  1. To avoid possible conf u s i  on as t o  
whether topsoi 1 ( i n  the  usual sense of a d i  scernabl e sur f  ace 
layer  high i n  organics) a c t u a l l y  e x i s t s  i n  the  Coso region, the  
term surface s o i l  w i l l  be used t o  r e f e r  t o  the uppermost 4 inches 
of  s o i l .  

An inecpensi ve source of  1 ocal s'eed and benef ic ia1 micro-



o r g a n i s m s  is s u r f a c e  so i l .  When s u r f a c e  so i l  is c o n s e r v e d  a t  t h e  
o n s e t  o f  g r a d i n g  o p e r a t i b n s  and s p r e a d  on u n v e g e t a t e d  a r e a s ,  i t  
c a n  b e  a n  e f f e c t i v e  means o f  e n c o u r a g i n g  n a t u r a l  r e v e g e t a t i  on 
(Tom Dayak, ' C a l T r a n s ,  p e r s .  c o m m . ,  O c t o b e r ,  1987). Lack of 
oxygen,  t o o  much or too l i t t l e  m o i s t u r e ,  h i g h  t e m p e r a t u r e  or 
p r o l o n g e d  s t o r a g e  b r i n g s  loss  of  s e e d  v i a b i l i t y  and a r e d u c t i o n  
i n  mic roorgan i sms  (Kay 1987).. S p r e a d i n g  s u r f a c e  soi l  i m m e d i a t e l y  
on  a c o m p l e t e d  g r a d e  is least  damaging t o  t h e  l i v i n g  p o r t i o n  of  
t h e  so i l .  Dust  c o n t r o l  s p e c i f i c a t i o n s  r e q u i r e  t h a t  o n l y  t h e  
uppermost  2 i n c h e s  of  soil may b e  c o n s e r v e d  d u r i n g  i n i t i a l  
g r a d i n g ,  b u t  i t  may b e ' s p r e a d  t o  g r e a t e r  d e p t h ,  s u c h  as  4 i n c h e s .  

-------Mulching.  Mulch n e a r l y  a l w a y s  ' s h o r t e n s  t h e  t i m e  needed t o  
e s t a b l i s h  a s u i t a b l e  p l a n t  c o v e r  (Kay 1978). The b e n e f i t s  of  
mu1 c h  i n  erosi on c o n t r o l  and  r e v e g e t a t i  on i n c l u d e :  

1) Mulch i n t e r c e p t s  r a i n d r o p s ,  r e d u c i n g  t h e i r  e r o s i o n a l  f o r c e :  
2) Some mulches  a l s o  . i n t e r c e p t  r u n o f f ,  T h i s  r e d u c e s  t h e  

q u a n t i t y  o f  soi l  c a r r i e d  away; 
3) Mulches w i t h  s u r f a c e  r o u g h n e s s ,  s u c h  as  punched s t r a w  or 

g r a v e l ,  t e n d  t o  c a t c h  and h o l d  w i n d - c a r r i e d  soil  and s e e d ;  
4)  Many t y p e s  of  mulches  e n c o u r a g e  w a t e r  i n f i l t r a t i o n ;  and 
5 )  Mulches  t e n d  t o  m o d e r a t e  so i l  t e m p e r a t u r e s  and r e t a i n  soi 1 

m o i s t u r e ,  b o t h  c r i t ica l  f a c t o r s  i n  t h e  a r i d  Mohave D e s e r t .  . -
Avai l a b 1  e mulching materials i n c l u d e :  wnod f i b e r  , p a p e r  mu1 c h ,  
s t r a w  mulch,  g r a v e l ,  hydromulch and chemica l  s t a b i l i z e r s  (Kay and 
Graves  ( 1983b). 

S t r a w  is t h e  recommended mulch material whenever i t  c a n  b e  
a p p l i e d  ( C l a r y  1983; Kay 1978; Kay and  G r a v e s  1983b) .  The 
recommended method is punch ing  i n  2 t o  4 t o n s / a c r e  i n  t w o  
a p p l i c a t i o n s  (Bud Kay, p e r s .  comm., November 1987, and Ken 
Nelson,  p e r s .  c o m m . ,  November 1987). The l o n g e s t  s t r a w  h a s  t h e  
m o s t  s t a b i l i z i n g  e f f e c t .  R i c e  or o t h e r  g r a i n  s t r a w  is b e t t e r  
t h a n  w i l d  h a y  b e c a u s e  f e w e r  weed s e e d s  a r e  c o n t a i n e d .  To punch 
i n  s t r a w  o n  v e r y  s t e e p  s l o p e s ,  a r o l l e r  must  b e  r a i s e d  and 
lowered by a winch (Kay 1978). 

I n  windy sites, s t r a w  and o t h e r  mulches  are a t  r i s k  of  
b lowing away. Chemical s t a b i 1i z e r s ,  o r  t a c k i f  iers, may b e  used  
t o  h o l d  s t r a w  i n  p l a c e .  However, t h e s e  are e x p e n s i v e ,  and are 
e f f e c t i v e  o n l y  i f  t h e  s t r a w  is w e l l  worked i n t o  t h e s o i l .  
Rnother  method is b r o a d c a s t  s e e d i n g  b a r l e y  or o t h e r  d o m e s t i c a t e d  
g r a i n ,  which t h e n  grows and d i e s  i n  p l a c e ,  fo rming  a r o o t e d  
mulch. S i n c e  b a r l e y  is n o n - p e r s i s t i n g  i n  t h e  d e s e r t ,  i t  d o e s  n o t  
compete  w i t h  n a t i v e  s p e c i e s  a f t e r  t h e  f i r s t  y e a r .  The recommen- 
ded r a t e  is 200-300 l b s / a c r e  a l o n e ,  o r  100 l b s / a c r e  i n  combina- 
t i o n  w i t h  s h r u b  s e e d .  

For  t r o u b l e s o m e  sites, o t h e r  t y p e s  of mulches  may b e  
c o n s i d e r e d .  Grave l  or r o c k  mulches  and j u t e  n e t t i n g  or f i b e r -
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glass mats are h igh ly  e f f e c t i v e  i n  reducing erosion. While much 
more expensive than straw mulch (Kay 1978) , these a l te rnat ives  
might be considered f o r  small areas. 

ADDING PLANT MATERIAL 

Sereadi nq sur f  ace soi  1 

A s  ind icated ea r l i e r ,  spreading conserved sur f  ace soi  1 i s  a 
cheap and coinplete means of  re- introducing loca l  seed and 
microorganisms t o  newly graded slopes. Surface s o i l  should be 
spread t o  a minimum depth o f  4 inches as soon as'possible a f t e r  
removal from a graded s i te .  It i s  preferable t o  move s o i l  
between May and December. I b  i n i t i a l  grading takes place between 
January and Apr i l ,  most seedlings w i l l  be k i l l e d ,  but microorgan- 
isms and dormant seed are s t i l l  o f  value. 

Di rect  seeding 

Several methods may be used f o r  applying seed t o  s o i l .  
Placing seed in ,  ra ther  than on top of, the s o i l  reduces preda- 
t i o n  by b i r ds  and rodents. Covering sceds by less  than 1 cm (0.5 

. . i n )  encourages maxi.mum emergence (Kay and Graves 1983bl. On 
leve l  ground, the  rangeland d r i l l '  i s  an idea l  t oo l  f o r  applying 
and covering seed. .Rough or  steep s i t e s  may be seeded by.hand, 
and the seed covered by simply dragging a chain behind a t r ac to r  
(Clary and Slayback 1984). hand-raking, o r  al lowing the  wind t o  
carry  i n  s o i l  t o  cover (Kay, pers.' comm. , December 1987). 

Where some natura l  revegetation has already taken place, i t  
i s  undesirable t o  d i s tu rb  the s i t e  w i th  mechanical equipment, 
r i s k i n g  add i t iona l  erosion. I n  t h i s  case, spot-seeding , a 
procedure i n  which a small ho le or  trench i s  dug and a small 
amount of seed i s  placed j u s t  below the s o i l  surface (Chan c$ a&, 
1977). This method i s  advantageous i n  t h a t  i t  r rqu i res  very 
l i t t l e  reed, and can be used m y  t ime a f t e r  f i n a l  s i t e  prepara- 
t i o n  has taken place. 

Hydroreeding, a method i n  'which-seeds, wood f i be r ,  water, 
and f e r t i l i z e r  are sprayed onto bare ground, i s  general ly 
considered unsui table fo r  desert r pp l  i ca t i ons  (Kay 1985; Packer 
and flldan 19789 Kay and Graves 1983br; Clary and Slayback - 1384). 
T h i s  method deposits the seeds above ground l e v r l .  Ra in fa l l  
fol lowed by a dry  spe l l  w i l l  cause seeds t o  germinate, then d i e  
f r o m  l a c k  o i  access t o  soi  1 moisture. 

Although using container stock improves establishment and 
i n i t i a l  r a t e  of growth, the high cost makes i t  unfeasible t o  use 
t o  m y  la rge  extent a t  Coso. A 1977 f e a s i b i l i t y  study by 
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Southern Cal if orni a Edi son showed that rep1 aci ng 1ost de5ert 

shrubs with comparable density and species composition of 

container stock would cost 929,000 per acre; in 1987 dollars, 

this figure should be doubled, or $55,000 to 960,000 per acre 

(Dan Pearson, SCE, pers. comm., November, 1987). This figure was 
corroborated by an estimate that container stock presently costs 
$4 to 912 per plant installed; and if planted on 3 foot centers, 
the per-acre cost would be 320,000 to $58,000 (Ken Nelson, 
pers. comm. , November., 1987). 

Two species, Joshua trees and creosote bush, both important 

structural elements in the local vegetation, would benefit from 

planting as container stock. Due to their high visual impact and 

importance of Joshua trees to Hohave ground squirrels, 

small-scale planting of these species is recommended where 

consistent with surrounding vegetation. This recommendation will 

be addressed in future annual revegetation plans, as the focus in 

1988-89 will be the first-time treatment of a large number of 

we1 1pads. 


Nurseries and seed suppliers specializing in native plants 

carry a number of plant species indigenous to Coso. However, 


. 	within-species genetic vari'ation'$roin region to region may be 
considerable. Custom collection of 1oca.l seed is ideal ... It can 
be arranged for any quantity of seed and virtually any species: 
the unit cost decreases with the volume required. Seed can be 
collected in quantity during productive seed years and stored 
under controlled conditions, thus reducing cost. The seed 
collector should report percent live seed. 

If custom-collected seed is not available in the quantity 

required, stocked seed can be used if it has originated from the 

Mohave Desert from comparable elevation sites. 


Which Seecies Work Best? 


In revegetation studies.carried out near Little Lake, Clary 
and Slayback (1984)found &triples polvcar~a was high1 y success- 
ful in direct-seeding trials; its'success was attributed to its 
relative unpalatability to jackrabbits. This species is the 
principal invading species at Coso as well. 'Marana' f ourwing 
sal tbush and Eri ouonum fascicul atum a1 so performed we1 1 i n 
seeding trials at Little Lake. Other species have had limited to 
poor results, including H~menoclea sal sol a, Ephedra nevadensi s, 
Larrea tridentata, and Qyyzopsis hymenoides. No seeding-trial 
information is available on L~cium, except that Kay e& al .  (1977) 
found that seed collection was difficult, but the seeds could be 
germinated and grown. 

The choice of .species in a seed mix should be determined by 
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the  revegetat ion object ives,  as we l l  as which species are l i k e l y  
t o  perform well. Atr iwlex nglycarwa should be prominent i n  the  
seed mix, s ince i t  grows wel l  on d is turbed s i t es ,  i s  a major 
component o f  surrounding vegetation, and may be of value t o  the  
Mohave ground squ i r re l .  Joshua t r e e s  should be planted i n  spot 
seedings experimentally. A 1 1  o ther  prominent shrub species 
should be included in the  seed mix i f  feasible,  and t h e i r  
performance evaluated. If erosion con t ro l  i s  a pe rs i s ten t  
problem, use of  rabbi tbrush (Chrysothamnus nauseosus) should be 
considered, bu t  i t  i s  not  desirable. Rabbitbrush comprises an 
extremely minor p a r t  o f  the  l o c a l  f l o r a  and i s  q u i t e  successfu% 
and pe rs i s ten t  i n  seedings, thus i t  might occupy a disproport ion-
a t e  p a r t  o f  t he  revegetat ion area. 

Grasses have except ional ly  good a b i l i t y  t o  ho ld  surface 
s o i l ,  and are widely used i n  eros ion contro l .  However, annual 
grasses compete w i th  shrub and fo rb  seedlings and may d imin ish 
the  success o f  other e f f  ar ts.  A sparse stand o f  non-persist ing 
annual grass such as bar ley i s  recommended f o r  erosion c o n t r o l  
and mulch. I f  bar ley  i s  used alone, i t  should be appl ied a t  
200-300 lbs/acre. I f  used i n  combination w i th  na t i ve  shrub seed 
(recommended app l i ca t i on  r a t e  o f  20 lbs/acre o r  w i t h  spot 
seeding), bar ley  should be appl ied a t  100 lbs/acre. 

D i rec t  seeding i s  most successful i n  l a t e  f a l l  (October-No-
vember) (Kay and Graves 1983a). Seeding i s  best ca r r i ed  out 
before winter  r a i n s  but when r i s k  of  prolonged drought i s  
minimal. Seeding immediately fo l low ing  grading must be done a t  
any season, bu t  i t  i s  preferable t o  do so dur ing the d r y  months. 
Re-treatment may be requi red t o  achieve acceptable resu l ts .  

FOLLOWUP CARE 

I r r i g a t i o n  

The  p r e v a i l i n g  view on i r r i g a t i o n  i n  the desert i s  t h a t  . 

whi le i t  may help i n  the  short  term, i t  i s  of l i t t l e  b e n e f i t  i n  
the long run. D i rec t  seedings are usua l ly  no t  i r r i g a t e d .  Most 
authors agree t h a t  i f  the cor rec t  species are planted i n  the f a l l  . 
or  e a r l y  winter  and there i s  normal r a i n f a l l  afterward, there is 
no benedit from i r r i g a t i o n  (Kay and Graves 1983b). 

Tyson (1984) expf d ins the non- i r r i ga t i on  r a t i o n a l e  as 
+allows: 

'"There i s  a widespread misconception t h a t  a na t i ve  p l a n t  can 
be planted on any s i t e ,  i r r i g a t e d  temporar i ly ,  and then l e f t  
t o  . "natura l  forces". I n  pract ice,  temporary i r r i g a t i  om 
commonly produces a la rger  l e a f  area than without i r r i g a -
tion.. I f  r o o t s  cannot absorb enough water t o  support the 



leaves, the plant will decline 'or die. There is little or 

no theoretical or practical justification for temporary 

irrigation of long-1 ived vegetation". 


Irrigation of revegetation sites is n o t .  recommended at this 

time. In fact, watering for dust control must be t'aken into 

account when planning seeding to avoid stimulating seeds at an 

inappropriate season into germination, as they are ,likely to 

perish when the watering ceases. The recommendation here is to 

seed barley on fill slopes within 24 hours following the final 

grading and watering. 


Fertilizer 


Although fertilizer is usually applied with mulch to 

compensate for nitrogen ~ e m o v e d  from the soi 1 by decomposi ti on 

(Kay 1978), this process is very slow in the desert. However, 
one study (Clary 1983) showed that fertilizing freeway cut slopes 
in the desert speeded natural re-establ ishment of indigenous 
vegetation. This treatment might be tested, since cost is 
mini ma1 . 
Reeegtlng-t~~atme~ts 


.-
Any revegetation effort is 'at 'the mercy of the weather. 


.Plans .should include a contingSncy for repeated seedings if 

weather conditions preclude success (Kay and Graves 1983b). 


Grazing by herbivores is the single greatest cause o+ 
failure of seeded shrubs to survive (Kay and Graves 1983a) . 
Jackrabbits are a common culprit, although rodents also play a 
role. Wire 'cages are essential to achieve reasonable success 
with container stock, and may be helpful in direct seeding as 
well. The usual wire cage is 3 inches in diameter and 15 inches 
high. Larger cages are recommended by some (Racin and Dayak 
19861, and perforated plastic cages are available which photodeg- 
rade in three to five years (Clary 1983). Since poison bait 
programs or trapping are unacceptable methods of herbivore 
control, the use of cages should be considered as protection 
against rodents and jackrabbits. 

Wire cages may accelerate establ i shment of important food 

plants for the Mohave ground squirrel and help avoid repeated 

seeding. Their utility will be highest when used selective1 y on 

highly palatable species. They should be tested to determine 

cost-effectiveness. 


The wire cages described here are use1 ess against 1 i vestock. 

Until cattle and burros can reliably be kept away, revegetation 

efforts are at risk. 
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